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[57] ABSTRACT

In apparatus for measuring the diameter of a fine wire
of the type wherein parallel laser beams are projected
upon the fine wire in the diametric direction thereof
so as to form a Fraunhofer diffraction image and the
spacing between the peak bright spots of the diffrac-
tion image is counted, there are provided an optical
filter for making the level of the signal at the optical
center of the Fraunhofer diffraction image to be equal
to the level of the signal subjected to a predetermined
number of diffractions, and a photoelectric transducer
responsive to these two signals. The output wave of
the photoelectric transducer is shaped, chopped and
then applied to a counter which operates to determine
the distance between the centers of said two signals.

3 Claims, 1 Drawing Figure
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APPARATUS FOR MEASURING THE DIAMETER
OF FINE WIRES

BACKGROUND OF THE INVENTION

This invention relates to apparatus for measuring the
diameter of a fine wire by counting the spacing be-
tween bright spots of a Fraunhofer diffraction image
formed by irradiating the fine with parallel laser light
beams.

In the prior art apparatus, to count the spacing be-
tween peak values of bright spots of the Fraunhofer dif-
fraction wave, it has been usual to differentiate the de-
tected waveform to determine the peak values of the
diffraction wave and then count the spacing between
the peak values: However, it has been difficult to accu-
rately defect the peak values because the diffraction
wave is not a perfect sinusoidal wave so that the peaks
have certain width.

SUMMARY OF THE INVENTION

It is an object of this invention to provide improved
apparatus for measuring the diameter of fine wires
without accompanying such difficulty.

Another object of this invention is to provide a novel
apparatus for accurately measuring the diameter of a
fine wire by means of laser light without touching the
wire. ‘

According to this invention there is provided appara-
tus for measuring the diameter of a fine wire, compris-
ing means for irradiating the fine wire with parallel
laser beams in diametric direction thereof thereby
forming a Fraunhofer diffraction image, an optical fil-
ter for making the level of the signal at the optical cen-
ter of said Fraunhofer diffraction image to be equal to
the level of the signal subjected to a predetermined
number of diffractions, a photoelectric transducer re-
sponsive to said two signals, a shaping circuit con-
nected to the output of the photoelectric transducer, a
level slicing circuit connected to the output the shaping
circuit and a counter connected to the output of the
level slicing circuit, said counter operating to count and
display the distance between the centers of the center
signal and of the signal subjected to a predetermined
number of diffractions.

BRIEF DESCRIPTION OF THE DRAWING

The invention can be more fully understood from the
following detailed description taken in conjunction
with the accompanying DRAWING in which a single
FIGURE is a block diagram showing the principle of
one embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of this invention illustrated
in the accompanying drawing comprises a laser oscilla-
tor 1 of any conventional construction, a telescope 2
for converting the laser beam generated by the laser os-
cillator 1 into parallel beams which are projected upon
a fine wire 3 in the diametrical direction thereof, and
a lens 4. When the fine wire 3 is positioned at the focus
of the lens 4, the Fraunhofer diffraction image 5 will be
focused at a point displaced from the lens by a distance
equal to the focal length of the lens. When the wave-
length of the laser beam is denoted by A, the focal
length of the lens 4 by L, and the spacer between the
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bright spots of the Fraunhofer diffraction image 5 by d,
then the diameter @ of the fine wire 3 will be given by
an equation

®=rL/d

Behind lens 4 is positioned an optical filter 6 adapted
to make the level of the laser light beam at the center
to be substantially equal to that of the light subjected
to a particular number of diffractions. Further, there
are provided a rotary mask in the form of a slitted ro-
tary disc 7 for detecting the position of the bright spots
of the Fraunhofer diffraction image 5, and a light inter-
cepting mask in the form of a stationary slit 8 for de-
tecting the bright spots of the Fraunhofer diffraction
image 5 after it has been subjected to a predetermined
number of diffractions. The rotary disc 7 is driven by
an electric motor 9 and the light transmitting through
the rotary disc 7 and the light intercepting mask 8 is re-
ceived by a photoelectric transducer 11.

The output of the photoelectric transducer 11 is am-
plified by an amplifier 12 and the output thereof is ap-
plied to a level slicing and rectangular wave generating
circuit 14 through a shaping circuit 13. The output of
the slicing of chopper circuit 14 is applied to a counter
15. :

The apparatus described above operates in the fol-
lowing manner.

When the fine wire 3 whose diameter is to be mea-
sured is irradiated with the parallel laser beams pro-
duced by telescope 2 a Fraunhofer diffraction image §
is formed having a waveform as shown by 5'. This light
signal is received by the photoelectric transducer 11
through rotary disc mask 7, light intercepting mask 8
and lens 10, thereby producing an output signal as
shown by a curve 11’. This output signal is shaped by
shaping circuit 13 to have a waveform as shown by a
curve 13’ which is formed into waveform 14'* by slicing
the peaks above a predetermined level 14’ in the level
slicing circuit 14. Denoting the center signal of the
laser beam by A, the signal subjected to a predeter-
mined number of diffractions by € and the spacing be-
tween signals 4 and C by B, the counter 15 counts a
value of (4/2 + B+ C/2).

In this manner, the counter 15 counts each one half
of the width of the center signal and of the signal sub-
jected to a predetermined number of diffractions of the
Fraunhofer image and adds these one halves to the
spacing between these two signals, thus accurately dis-
playing the distance D between the centers of these two
signals. For this reason, it is possible to measure the di-
ameter of a fine wire with an error of less than 0.5 mi-
cron for a diameter of 100 microns. Moreover, the ac-
curacy of the measurement is not affected by the varia-
tion in the output of the laser light.

As above described the invention provides a novel
apparatus for measuring the diameter of a fine wire at
a high accuracy without the necessity of making me-
chanical contact to the wire. For this reason, the appa-
ratus is suitable to continuously measure the diameter
of such fine wires as memory wires for use in electronic
computers, enameled wires, polyurethane wires while
they are being produced in production lines. Moreover,
the accuracy of measurement is not affected by the var-
iation in the output of the laser beam.

What is claimed is:

1. Apparatus for measuring the diameter of a fine
wire, comprising means for irradiating the fine wire
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with parallel laser beams in the diametric direction
thereof thereby forming a Fraunhofer diffraction im-
age, an optical filter for making the level of the signal
at the optical center of said Fraunhofer diffraction
image to be equal to the level of the signal subjected to
a predetermined number of diffractions, a photoelec-
tric transducer responsive to said two signals, a shaping
circuit connected to the output of said photoelectric
transducer, a level slicing circuit connected to the out-
put of said shaping circuit and a counter connected to
the output of said level slicing circuit, said counter op-
erating to count and display the distance between the
centers of said center signal and of said signal subjected
to a predetermined number of diffractions.
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2. The apparatus according to claim 1 which further
comprises means including a rotary disc mask having a
slit and a stationary light intercepting mask having a slit
for detecting the positions of the bright spots of said
Fraunhofer diffraction image at said optical center and
subjected to said predetermined number of diffrac-
tions.

3. The apparatus according to claim 1 wherein said
counter comprises means for adding each one half of
the width of said center signal and of the signal sub-
jected to said predetermined number of diffractions to
the spacing between these signals thereby determining

said distance.
% * * * £



